Scrub typhus is a vector borne zoonotic disease caused by Orientia tsutsugamushi, endemic to tsutsugamushi triangle. As the characteristic eschar is not always present, laboratory testing especially serological assay are the main stay of diagnosis.
Introduction
Scrub typhus is a mite-borne zoonotic disease caused by Orientia tsutsugamushi, endemic to South Asia, Southeast Asia, East Asia, the Pacific Islands, and Northern Australia; also called the "tsutsugamushi triangle". 1, 2 Serological evidence from places in Africa, France, the Middle East and South America suggests that scrub typhus is no longer limited to the tsutsugamushi triangle. 3 Scrub typhus (ST) is being increasingly reported from all over India with a prevalence of over 30-40% of all acute febrile illness (AFI) cases needing admission to hospitals. 4, 5 Differentiating scrub typhus from other endemic causes of AFI based on clinical features alone is a daunting task for the clinician. Though the presence of an eschar at the mite inoculation site is a valuable diagnostic clue, it is not always seen in all patients. Additionally, the lack of wide availability of confirmatory tests augments problems with diagnosis. The combination of an eschar and a positive result on a rapid diagnostic test (RDT) is shown to have positive and negative predictive values of 84.9 and 93.0% respectively, but the varying occurrence of eschar limits this approach. 6 Data from our tertiary care centre in South India has documented eschar rates close to 60%. 7, 8 However, the absence of an eschar does not rule out scrub typhus and hence diagnosis relies heavily on laboratory tests,especially serological tests. 7 The tests available for the diagnosis of ST come with their own limitations. In our experience, the inexpensive Weil-Felix serological test showed good specificity, 9 but lacked sensitivity. 10 Immunofluorescence assay is the serological reference standard for diagnosis of ST but its cost, availability only in reference labs and subjectivity in interpretation of results limit its use. IgM ELISA test which is objective has good sensitivity and specificity and can be automated allowing testing of large number of samples. 11 Diagnosis using molecular methods is not available in secondary level health care settings like district hospitals in India. ELISA is easy and relatively economical, but samples need to be batch tested, which may delay the diagnosis and affect the overall disease outcome. It is evident that many of these laboratory tests cannot be accessed in rural settings where most of the cases occur.
With due consideration to expense, rapidity and simplicity of interpretation, rapid diagnostic tests have emerged. Although DHR-ICMR guidelines 2015 for the diagnosis and management of rickettsial diseases in India discourage the use of rapid tests, they do emphasize the need for further evaluation of rapid diagnostic kits. 12 The use of immunochromatographic technology in development of RDTs offer a point-of-care serological test at bedside, which ultimately helps the clinician to start early management with the anti-rickettsial therapy especially in those with atypical presentation, thereby reducing morbidity and mortality. 8 In this study, we evaluated two tests, an ELISA and an immunochromatographic test (ICT) which is the rapid diagnostic test (RDT) for detection of IgM antibodies to Orientia tsutsugamushi strain. Both these assays use recombinant Orientia tsutsugamushi 56-kD type-specific antigen from strains Kato, Karp, Gilliam, and TA716. 13 
Materials & Methods:
Serum samples sent for routine microbiology testing in our lab from 2016-2018 were stored as a part of serum banking protocol (IRB Min NO 7768). A total of 346 samples were tested for Details of the samples used to assess the performance characteristics of both the tests are given in IgM ELISA test OD values were studied separately. ROC curve was constructed with OD values to discriminate the diseased from the non-diseased and the same is represented in The performance indices of ELISA at different OD cut-off values are given in Table 6 . It shows that the best sensitivity and specificity and correct classification as a case of scrub typhus occurred at an OD of 1.0 (16) (serum dilution is 1:100) 
Discussion
The need for technical expertise and costs incurred have turned our attention to exploring the role of RDTs in diagnosing ST in resource-limited settings. 1 In this study, well-characterized sera from normals and patients with scrub typhus, malaria, dengue, enteric fever and gram negative septicaemia which are common causes of AFI have been included. Cross reactions have been seen in dengue positive sera and sera belonging to patients who were smear positive for malarial parasites. While two of the six cases with positive dengue serology had an eschar and demonstrated defervescence of fever within 48 hours of initiation of doxycycline therapy, two others did not have an eschar but responded to doxycycline. Therefore these four cases were considered definite scrub typhus cases as per a composite case definition (data from IJMM, accepted for publication in press) derived at the study center. The remaining two cases were not considered as true scrub typhus cases as both had no eschar and showed no response to ST-specific therapy. The number of false positives picked up in smear confirmed cases of malaria were less using IgM ICT than with IgM ELISA. These malaria positive serum samples were tested for assessing the analytical specificity of scrub typhus IgM ELISA as previous studies have shown cross reactions. 17, 18, 19 to determine optimal RDT performance with antibody titre in IFA as comparator. 25 The results
showed good sensitivity and specificity at high IFA titres and is therefore expected to perform well in endemic settings. It holds good in our setup with the high prevalence of scrub typhus showing a seasonal trend.
There is a definite need to develop representative and well-characterized scrub typhus endemic and non-endemic cohorts from other regions to evaluate the diagnostic capacity of new and existing assays.
The limitations of this study include not testing the sera for leptospirosis but this is of not much consequence as this disease is very uncommon amongst patients presenting with AFI to our centre(since it is hardly ever seen in our study population) 26 . Lack of using samples confirmed by molecular assays is another drawback as this would have helped in resolving false positive results.
The strength of this study lies in inclusion of prospectively collected, well-characterized sera from patients with acute undifferentiated febrile illness and determining the accuracy indices appropriately while explaining the cross reactions.
Conclusion
The availability of infrastructure and capacity for accurate diagnosis of scrub typhus is not uniform in distribution throughout the health care settings in the country. The costs incurred and expertise required limit the access to standard serological tests. The need for rapid diagnostic tests with their simplicity and speed in resource limited settings where most of the cases occur, cannot be overemphasized. The findings from this study suggest that IgM ICT can substitute IgM ELISA in such settings. Further prospective studies from different centres in India are needed to confirm the same.
